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ABSTRACT
80% of the grape harvest is used in the winemaking industry, resulting in huge amounts of waste which are 
still rich in phenolic compounds, while the same percentage of polyphenols are found in apple peel, whose total 
antioxidant capacity is five-to-six-fold higher than that of apple flesh. The aim of this research is the characterization 
of grape and apple peels waste, before and after the thermal treatment (10 minutes, 80°C), with respect to its bioactive compounds to evaluate their potential enhancement with respect to bioavailability. Based on the 
obtained results, the highest antioxidant activity and phenolic content was exhibited by thermally processed red-
grape waste. After the thermal treatment, the caffeic acid 4-O-glucoside increased with a 27% in apple waste. As 
a conclusion, the grape and apple peels waste can be exploited for their bioactive compounds after the thermal 
process, whose bioavailability increased and can be added in food formulations as health promoting products.
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INTRODUCTIONA major problem experienced by agro-based industries in develops and developing countries 
is the management of wastes. Large quantities 
of both liquid and solid wastes are produced annually by the food processing industry. These waste materials contain principally biodegradable organic matter and their disposal creates serious 
environmental problems (Shyamala and Jamuna, 
2010).By-products from the fruit and vegetable 
industry, in particular, are of interest since they 
are inexpensive and available in large quantity. Some of the agricultural by-products such as 
apples, citrus fruits have indeed already been 
used in the production of dietary fiber (Figuerola 
et al., 2005; Grigelmo-Miguel and Martın-Belloso, 
1999). The compositions and physicochemical 
properties of dietary fibers are dependent on both the characteristics of the raw materials and 
the processing steps (Chau et al., 2004; Grigelmo-
Miguel and Martın-Belloso, 1999). The presence 
of bioactive molecules, such as fatty acids and 
phenolic compounds, in agro-industrial waste 
makes fruit and vegetable leftovers more valuable 
for the food industry (Socaci et al., 2017). Fruits and vegetables contain bioactive compounds that 
impart health benefits beyond basic nutrition 
(Oomah and Mazza, 2000; Catoi et al., 2006; Catoi 
et al., 2013; Galea et al., 2016). 
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Apple peel is one of the actual Romanian agro-industrial wastes. There are studies which indicated that 80% of polyphenols are found 
in apple peel (Leccese et al., 2009), whose total 
antioxidant capacity is five-to-six-fold higher 
than that of apple flesh; The health advantages of 
apple peels, like cardioprotective and anticancer 
properties, are correlated with the presence of 
flavonols, anthocyanins, flavan-3-ols, phenolic 
acids and dihydrochalcones (Boyer and Liu, 
2004). Compared with the flesh, the peel contains 
specific flavonoids, such as quercetin glycosides 
(Rupasinghe and Kean, 2008). 
Wine industry wastes, which consist mainly 
of solid by-products, include marcs, pomace, and 
stems, and may account on average for almost 30% 
(w/w) of the grapes used for wine production. All these by-products may bear a considerable burden 
of phenolic components (Gonzalez-Paramas et al., 
2004), depending on the type of grape (white or 
red), the part of the tissue (skins, seeds, etc.), as 
well as the processing conditions (e.g., pomace 
contact). However, in many instances there is a 
rather significant lack of appropriate feasibility 
studies on the exploitation of such wastes, and as 
a result their utilization is still in its infancy.
The lack of information regarding the bioactive 
potential of these specific agro-food wastes after being treated by a thermal process was the driving 
motor of this research. Therefore, the present 
study is aimed to characterize the grape and 
apple peels waste, before and after the thermal 
treatment, with respect to its bioactive compounds to evaluate their potential enhancement with respect to bioavailability.  The thermal treatment was used to test a future practical application of these wastes in the food industry. 
MATERIALS AND METHODS
Materials and chemicals
The raw materials, namely the apple peels 
(Ionatan of Voineşti), white (Fetească Regală) and 
red (Isabella variety) grape peels were obtained from a local juice producer and transported in 
plastic containers at -20°C to the University of Agricultural Sciences and Veterinary Medicine Cluj-Napoca. The bioactive compounds were 
extracted as fresh samples (F) after a previous crumbling of the waste. Each crumbled material 
was mixed with water (10 mL of distilled water 
for every 1 g of waste material) and thermally 
processed (10 minutes at 80°C), to make thermal 
samples (T).
All the chemicals, namely Folin-Ciocalteu’s 
phenol reagent, sodium carbonate (Na2CO3), 
sodium nitrite (NaNO2), ammonium nitrate 
(NH4NO3), hydrochloric acid (HCl), aluminum 
chloride (AlCl3), sodium hydroxide (NaOH), sea 
salts, glucose, acetic acid, acetonitrile, methanol, 
gallic acid, quercetin, chlorogenic acid, rutin, 
cyanidin chloride, DPPH (1,1-diphenyl-2-
picrylhydrazyl), lipid standards and chemicals 
(used for oil extraction, fractionation and 
preparation of fatty acid methyl esters (FAMEs)) 
were acquired from Sigma-Aldrich (Steinheim, 
Germany).
Extraction and analysis of phenolic compounds
All the samples, apple waste fresh (AWF), apple 
waste thermally processed (AWT), white grape 
waste fresh (WGWF), white grape waste thermally 
processed (WGWT), red grape waste fresh 
(RGWF) and red grape waste thermally processed 
(RGWT) were individually extracted three times 
with 20 mL of extraction mixture (hydrochloric 
acid/ methanol/water ratio of 1:80:19) at 40°C 
for 30 min in an ultrasonic bath (Vodnar et al., 2017; Dulf et al., 2015). After centrifugation (4000 
g for 10 min), the supernatants were filtered; 
the filtrates were evaporated to dryness under 
vacuum, dissolved in 10 ml methanol and stored 
(4°C) until analysis (total and individual phenolic 
compounds, total flavonoids, antioxidant activity).
Total phenolic content
The Folin-Ciocalteu method (Vodnar et al., 2017; Dulf et al., 2016; Dulf et al., 2015) was used for determination of total phenolic content. 
Total flavonoid content
The total flavonoid content (TF) of the extracts was determined using methods described 
previously (Barakat and Rohn, 2014). 
Analysis of phenolic compounds by HPLC-DAD-
ESI-MS
The characterization of the phenolic com-pounds in the samples was carried out on a high-
performance liquid chromatography-diode array 
detection-electrospray ionization mass spectrom-
etry (HPLC-DAD-ESI-MS) system consisting of an 
Agilent 1200 HPLC with diode array detection 
(DAD), coupled to a mass spectrometry (MS) de-
tector single-quadrupole Agilent 6110. Separa-tions of phenolic compounds were performed re-lying on the elution program used by Dulf et al., 
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(2015). The flavonols were detected at 340 nm 
and the anthocyanins at 520nm (Vodnar et al., 2017; Dulf et al., 2015). 
DPPH free-radical-scavenging assayUsing the method described by Toma et al., 
(2015) the phenolic extracts of fresh and thermally 
processed samples were subject to DPPH radical-scavenging activity assessment. The percentage 
inhibition (I%) was calculated as [1-(test sample 
absorbance/blank sample absorbance)]x100.
Lipid extraction and GC-MS analysis of FAMEs 
Total lipids (TLs) of fresh and thermally 
processed samples (apple peels, white and red 
grape peels) were extracted using the method described by Vodnar et al., (2017) and Dulf et al., 
(2015). Using the method described by Dulf et al., 
2013, the FAMEs were prepared by acid-catalyzed 
transesterification of TLs. The samples were 
analyzed with a gas chromatograph (GC) coupled 
to a mass spectrometer (MS); PerkinElmer Clarus 
600T GC-MS (PerkinElmer, Inc., Shelton, CT, U.S.A) 
(Vodnar et al., 2017; Dulf et al., 2015). 
Statistical analysisAll tests were conducted in triplicate and the results were expressed as the mean ± standard de-
viation (SD). Correlations between the antioxidant capacity and phenolic content were determined 
using Person’s correlation. Statistical differences 
among samples were estimated using Student’s 
t-test (GraphPad Prism Version 5.0, Graph Pad 
Software Inc., San Diego, CA). Differences between means at the 5% level were considered statisti-
cally significant.
RESULTS AND DISCUSSION
Total phenolics
In figure 1, is presented the total polyphenol content of extracts measured by the Folin-Ciocalteu method.  The total phenolic content 
was significantly different (p< 0.05) among fresh and thermally processed waste samples. The highest phenolic content was registered by red 
grape waste thermally processed sample (1990 
± 52.9 mg GAE/100 g dry weight). Also, the other 
thermally processed samples, namely apple and 
white grapes, had higher total phenolic content compared to fresh ones. 
As an overall result, it can be stated that thermal processing increased the phenolic content in the samples. A possible explanation for the increased bioavailability of phenolic content after exposure to the thermal process could be the fact that extraction of intracellular compounds 
is enhanced by thermal treatment. Also, from 
literature, Wang et al., (2014) concluded that high  temperature is responsible for the increased content of phenolic compounds due to the 
hydrolysis of polysaccharides. For instance, the 
Fig.	1. Total phenolic content of extracts via Folin-Ciocalteu method. License number: 4187141441540
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total phenolic content in fresh apple peels was 
high (564 ± 39.5 mg GAE/100 g DW), value which is in agreement with those reported by Drogoudi 
et al. (2008), and after the thermal treatment, 
the polyphenolics increased to 20.56 ± 1.9 (mg 
GAE/100 g DW). 
Total flavonoids
The total flavonoids content is displayed in 
Figure 2. There were no significant differences registered among fresh and thermally processed samples in the case of apple and white grape 
waste. The only significant difference reported among fresh and thermally processed samples of red grape wastes can be explained by a previous 
Fig.	2. Total flavonoids content of extracts. License number: 418714144154
Fig.	3.	Antioxidant activity of the extracts. License number: 4187141441540
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study (Medina-Mezaand and Barbosa-Cánovas, 
2015) on grape peels processed by electric fields, 
where the total flavonoid contents in fresh samples 
were 98 (mg/mL) quercetin eq, which increased by 96% when the sample was exposed to pulsed 
electric fields.
Antioxidant activityThe antioxidant activity of the extracts was 
determined by measuring the DPPH radical-
inhibition capacity (RIC), and the results are presented in Figure 3. After exposure to thermal 
treatment, the RIC of red grape waste significantly 
increased (58.37%) (p<0.05) sustaining again the idea of increased bioavailability of compounds after exposure to thermal treatment. 
Therefore, red-grape waste extract (both 
fresh and thermally processed) exhibited the highest scavenging activity. These results are in 
accordance with the literature, where Dewanto 
et al., (2002) reported that thermal processing enhanced the nutritional value of tomatoes and 
corn by increasing the total antioxidant activity, which is directly correlated to the increased bioavailability of compounds. 
Total lipid contentThe total lipid yield of extracts is presented in 
Figure 4. No significant differences between fresh 
and thermally processed samples of apple, red and white grape waste were registered.
HPLC-DAD-ESI-MS analysis of phenolic compounds
The analyzed samples contained phenolic compounds that originate from 5 phenolic groups: 
anthocyanins, cinnamic acids, dihydrochalcones, 
flavonols and flavan-3-ols. In almost all phenolic 
cases, the quantities in the fresh and thermally 
processed samples significantly differed (Table 
1). As it is already known from the existing 
literature, the anthocyanin group was present 
only in the red grape waste samples, and the malvidin-3-O-glucoside from this group was 
the major phenolic compound identified among 
all the extracts (13.958 [mg/%DW] in RGWT 
and 13.015 [mg/%DW] in RGWF). Specific for 
apple are the dihydrochalcone and flavonol groups which were found also in the apple 
waste extracts, fact which is agreement with the previous studies that reported the following: the 
flavonols and dihydrochalcones present in apple peels are responsible for its health advantages 
(Boyer and Liu, 2004; Rupasinghe et al., 2010). Underlying the idea of increased bioavailability of 
compounds after thermal exposure, in most cases, the thermally processed samples showed higher phenolic content in comparison with the fresh 
samples. For instance, a significant increase in 
malvidin glucoside (13.68%) was registered after thermal processing for red grape waste; another 
significant example was reported for caffeic acid 
4-O-glucoside from apple waste, with a 27% 
(from 2.492 [mg%] to 3.165 [mg%]) increase after thermal treatment. This fact is in accordance with the Morales de la Pena et al., (2011) study, 
which reported that the activity of enzymes that participate in the biosynthesis of phenols can be 
Fig.	4. Total lipid content of the extracts. License number: 4187141441540
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Tab. 1. Identification of the phenolic compounds (mg/100 g DW) in the extracts via HPLC-DAD-ESI-MS method. License number: 4187141441540
Phenolic compounds [M+H]+ ion frag-ments 
AWF
AWT WGWF WGWT RGWF RGWT
Anthocyanins
Petunidin 3-O-(6’-
p-coumaroyl)-
glucoside)
625, 317   2.454a 2.356b
Malvidin 3-O-(6’-
p-coumaroyl)-glucoside 639, 331 7.358b 8.365aCyanidin 3-O-arabinoside 419, 287 7.745 b 7.625 aPeonidin 3-O-glucoside 463, 301 2.984a 1.892bMalvidin 3-O-glucoside 493, 331 13.015b 13.958a
Cinnamic acid
Caffeic acid 181, 163 2.138b 2.56aCaffeic acid-4-O-glucoside 343, 181,163 2.492b 3.165a
5-Caffeoylquinic acid 355, 181, 163
3-Caffeoylquinic acid 355, 181,163 1.27b 2.65a
3,4-Dicaffeoylquinic acid 515, 355
Dihydro chalcones
Phloridzin 
(Phloretin 
2’-O-glucoside)Phloretin 
2’-O-xylosyl-glucoside
437, 275
569, 437, 
275
5.714a1.125a 4.652b0.958b
Flavan-3-ols Epicatechin 291 2.368 a 2.261 bCatechin 3-O-glucose 453, 291 2.262a 2.265a
Flavonol
Rutin (Quercetin 
3-O-rutinoside)
611, 303 4.318 a 4.316a
Quercitrin 
(Quercetin 
3-O-rhamnoside)
449, 303 2.12b 2.46a
Quercetin 
3,4’-O-diglucoside
627, 
465,303 0.903b 1.362a
Characterization of Grape and Apple Peel Wastes’ Bioactive Compounds and Their Increased Bioavailability
86
 Bulletin UASVM Food Science and Technology 74(2) / 2017
accelerated by the thermal treatment, and with 
the Wang et al., (2014) study, which reported that 
due to the high temperature, the hydrolysis of polysaccharides is responsible for the increased content of phenolic compounds. 
Values (mean ± SD, n=3) in the same row 
followed by different superscript letters (a,b) 
indicate significant differences (p < 0.05) between fresh and thermally processed samples of the same 
extract (Student’s t-test - GraphPad Prism Version 
5.0, Graph Pad Software Inc., San Diego, CA).)
Fatty acid composition analyzed by GC-MS
In almost all cases, there were significant differences among fresh and thermally processed 
samples with respect to the analyzed fatty acids 
and the data are presented in Table 2. There are, 
also, five exceptions whose differences were not 
significant. The exceptions are palmitoleic acid 
(16:1n-7), in the case of RGW and WGW; 20:1n-
9 acid, in the case of AW and RGW and 16:1n-
9 acid, in the case of RGW.  Based on the results 
obtained, the thermally processed apple waste 
had the highest content of total fatty acids (FAs), while the grape wastes had the highest values of 
the dominant fatty acids from total lipids (TLs), 
namely oleic acid (19.32 in the RGWT sample) and 
linoleic acid (66.3 in WGWF sample).
Starting with lauric (12:0), myristic (14:0) 
and pentadecanoic acid (15:0), all these acids are more present in thermally processed samples 
than in fresh ones (e.g., in the case of WGW the F samples have a value of 0 while the T samples have 
values ranging from 0.04 to 0.16% of TLs). Also, 
stearic acid (18:0), as well as oleic acid (18:1n-9) were consistently higher in content in all thermally processed samples. This could be explained by the fact that thermal treatment is responsible for the 
cell walls breaking which leads to an enhanced 
release of fatty acids, and, in consequence, to an increased bioavailability of these compounds. 
Continuing with palmitic acid (16:0) and 
palmitoleic acid (16:1n-7), a totally opposite 
result was observed, namely that after exposure to thermal treatment the content of FAs decreased. 
For instance, in the case of apple waste the highest content was registered for fresh sample 
(a difference of 3.9%). Also, linoleic acid (18:2n-
6) was consistently in a higher percentage in all the fresh samples of each type of extract with a high level in each sample compared to other FAs 
(an average of 60% in the fresh samples vs. 54% in Ta
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0.09*
3.96***
19.86**
*
0.87**
56.53
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thermally processed ones). This can be explained by the fact that these FAs are sensitive to thermal 
treatment, and namely linoleic acid is known to be 
very sensitive to heat, thereby the concentration 
decreased. According to literature (Kinsella et al., 
1974), also the grape seed oil, fresh and thermally 
processed, was reported to have high levels of 
linoleic acid (60%). Molar % values are the mean of three 
measurements (n=3). Different superscript 
symbols (*, **,***) in the same column indicate 
significant differences (p < 0.05) among TLs of the fresh and thermally processed samples of the 
same extract (Student’s t-test - GraphPad Prism 
Version 5.0, Graph Pad Software Inc., San Diego, 
CA). TLs- total lipids, C12:0, lauric; C14:0, myristic; 
C15:0, pentadecanoic; C16:0, palmitic; C16:1n-9, 
cis-7 hexadecenoic; C16:1n-7, palmitoleic; C17:0, 
margaric; C18:0, stearic; C18:1n-9, oleic; C18:1n-7, 
vaccenic; C18:2n-6, linoleic; C18:3n-3, α-linolenic; 
C20:0, arachidic; C20:1n-9, 11-eicosenoic; 
C21:0,heneicosylic; C22:0, behenic; C22:1n-9, 
erucic; C23:0, tricosylic; C24:0,lignoceric.All the individual lipid classes were reported 
in Table 3. A first observation reported was the fact that the very-long-chain saturated fatty acids 
(VLCSFA) were found in each type of extract. 
Considering the literature (Gurr et al., 2002), all 
our findings regarding the waste extracts (peels) are in accordance since the VLCSFA are mostly found in the cuticular surface layers of plant 
tissues; After exposure to thermal treatment, also the bioavailability of monounsaturated fatty 
acids (MUFAs) and saturated fatty acid (SFAs) 
(in the case of apple, no significant difference 
was reported) significantly increased (p<0.05) 
while unsaturated fatty acids decreased (Table 3). 
Comparing with the literature (Dulf et al., 2016), it can be stated that there is a partially accordance considering the literature reported decrease of polyunsaturated fatty acids	 (PUFAs), but also of 
MUFAs, after exposure to a fermentation process and an increase of SFAs. The explanation is based 
on the different types of treatment (thermal and 
fermentation) used within each study. A general characteristic of apple waste is the 
fact that, no matter fresh or thermally processed, 
they had the highest content in SFA, with a higher amount of VLCSFA than the other extracts.
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***, ns) indicate significant differences/no 
significant differences (p < 0.05) among fresh and thermally processed samples of the same extract 
(separately for each lipid class) (Student’s t-test - 
GraphPad Prism Version 5.0, Graph Pad Software 
Inc., San Diego, CA). SFAs- saturated fatty acids, 
MUFAs- monounsaturated fatty acids, PUFAs- 
polyunsaturated fatty acids, VLCSFA- very long chain saturated fatty acids.
CONCLUSIONS
Overall, the results suggest that apple peel, red and white grape peel waste can still be re-used 
for their nutritional and antioxidant potential, 
for instance like functional ingredients in food 
formulations. Also, these results indicate the increased bioavailability of bioactive compounds 
after thermal treatment exposure (10 minutes at 
80°C) suggesting the advantageous integration of these bio-wastes in a technological process and its positive environmental impact.   The increased total antioxidant activity of thermally processed samples shows that after exposure to such a treatment the bioavailability 
of compounds increased. For instance, red-grape waste extract exhibited the highest scavenging 
activity, with a significant increase of 58.37% 
(p<0.05) in RIC after thermal exposure. The fatty 
acid content is significantly different between fresh and thermally processed samples. The presence of bioactive compounds such as fatty acids and phenolic compounds in agro-industrial waste enables fruits and vegetable leftovers to become more valuable for the food industry while provide an extra source of income.
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